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Abstract 
LICONSA is a Mexican federal government company with social responsibility. It manufactures and sold milk with beneficial 
prices. Its purpose is to support the population under poverty. The analysis of its data shows an imbalance in the levels of coverage 
finding the current distribution network to be not optimal. The main objective of this paper is to expand and improve coverage of 
this social program in Chihuahua, Mexico. To do so, we propose a methodology to maximize coverage applying the Maximum 
Covering Location Model. The methodology can be applied to any other state/county/city to improve coverage of this social 
program. 
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Nomenclature 
DC distribution centres 
p number of DCs to locate   
V  set of nodes or municipalities 
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i node where DC is located 
j demand nodes 
Cd Covered distance 
Z decision variables to indicate that node i is covered 
a decision variables to indicate if the distance between nodes are larger or shorter than a Cd 
X decision variables to locate p number of DCs 
1. Designing distribution networks 
1.1. Models for Designing Distribution Networks (DDN)  
The models for Designing Distribution Networks (DDN) are composed of several sub-problems to be optimized. 
However, the main ones are: location, allocation, routing, and inventory. The aim of the models for DDN is to 
determine the best way to transport a product from suppliers to consumers, so that customer demands are met at 
minimal cost Ambrosino et al. (2009). This cost is usually expressed in terms of transport costs, inventory costs, 
opportunity costs, investment, and location-allocation costs. The design of a distribution network depends on the 
decisions to be optimized, and if variables are static or dynamic, deterministic or stochastic, discrete or continuous, 
etc. Different models have been proposed for DDN, for example Xiaopeng (2013) locates suppliers, assigns customers 
to suppliers, considered transport mode depending whether the order is urgent or not, and considers inventory 
management strategies (IMS) in a stochastic environment. Miranda and Garrido (2004) propose a methodology that 
integrates inventory decisions into the location models assuming stochastic demand. Goetschalckx and Vidal (1997) 
made a comprehensive review of the production-distribution models. 
1.1.1. Models for Designing Distribution Networks for Milk (DDNM) 
There is no literature proposing models that maximize covering location for designing distribution networks for 
milk (DDNM). Jacobs and Criner (1990) analyze the investment that should be carried out to locate and construct a 
milk plant. Espinsa Ortiz et al. (2008) analyze marginal costs and marginal profits in market channels for family 
production systems. 
  
Each sub-problem addressed when DDN faces several decisions to be optimized: inventory levels, re-order times, 
type of fleet (homogenous or heterogeneous), transport models, routes, customer’s location, customer’s assignment to 
suppliers, etc. Due to the characteristics of the real problem addressed in this case study, the location of distribution 
centers (DCs) are detected as the decision variables. Therefore, in this study case we address the location of DCs to 
maximize coverage of milk and optimized the distribution of the company current network. 
1.2. The location problem 
Location problems arise from the need to find the most suitable place to locate facilities such as DCs, manufacturing 
plants, landfills, fire and police stations, ambulance, airports, etc. In general, the problem can be stated as (Daskin, 
1995): Given the location of each user, demand, transportation costs, times, and distances, determine the number of 
services, geographic location, and the storage capacity of DCs so that transportation costs and operating costs are 
optimized. 
 
Location problems have been studied since the early 70's. The most named and basic location problems are cited 
in Current (2002). Daskin (1995) classified location problems as: continuous models, network models, and discrete 
models. Coverage based models and models based on median problems are within discrete location models. In this 
study case, we study and apply the Maximum Covering Location Model (MCLM) which is within the coverage 
models. 
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1.2.1. Location set covering problem (LSCP) 
In these models, distances or costs between pair of nodes can be calculated by certain rules for example: Euclidean, 
Manhattan, network, great circle distances, real distance measure, etc. Demand arise at the nodes. The facilities can 
be located only in a finite set of candidate locations. 
 
Toregas et al. (1971) is one of the authors who first studied the Location Set Covering Problem (LSCP). The 
objective is to locate the smallest number of nodes required to cover all demand nodes or end nodes. However, 
resources are excessive since population, demand and distance are not taken into account. Church and Re Velle (1974) 
improve the LSCP problem, proposed by Toregas et al. (1971) restricting the covered population by maximizing the 
number of available resources in order to make best use of them. 
1.2.2. Mathematical formulation of the MCLM 
The maximal covering location model (MCLM) locates p number of DCs to maximize the number of covered 
demand (p is a parameter in the model). Let V be a set of nodes that can be either demand nodes or coverage nodes. 
Zis are decision variables; they indicate if node i is covered. aijs are decision variables; they indicate if the distance 
between nodes are larger or shorter than the covered distance (Cd). The covered distance is a parameter in the model. 
Finally, Xjs are decision variables; they locate p number of DCs. 
 
1 if facility is covered 
0 otherwisei
i V
Z
 ­
 ®
¯
 
1   if distace between node i and node j is smaller or at least equal than Dc  ,   
0  ij
i j V
a
otherwise
 ­
 ®
¯
 
1   if node j is located as DC  
0   otherwisej
j V
X
 ­
 ®
¯
 
 
The objective function maximizes the number of covered demand nodes (Equation 1).Where Di is the demand at 
node i. Equation (2) states that demand at node i cannot be covered unless one of the nodes that covers node i is 
selected as DC. The nodes that can be covered by node i are located in a shorter distance than Cd (aij = 1). Constraints 
(Equation 3) indicates that no more than p DCs are located. Finally, constraints (4) and (5) are the integrality constraints 
on the decision variables.  
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2. LICONSA 
2.1. Background 
Social programs were implemented in Mexico to improve child nutrition during the 60´s. These programs gave 
origin to the company “Compañía Nacional de Subsistencias Populares” (CONASUPO), the milk supply program 
under the company “Leche Industrializada Conasupo” (LICONSA), and the distributor company DICONSA.      
 
LICONSA is a majority state-owned company that distributes milk at subsidize prices. Its main objective is to 
support the nutrition of millions of Mexicans in poverty. The target population (TP) are children from 6 months to 12 
years, women from 45 to 59 years old, sick and or disable people, and elder people (http:www.liconsa.gob.mx). 
2.1.1. Production 
LICONSA has 10 industrial plants, three in the state of Mexico (Tlalnepantla, Tláhuac and Toluca Valley) and one 
in each of the next states: Querétaro, Jalisco, Oaxaca, Veracruz, Tlaxcala, Michoacán and Colima. LICONSA produces 
1,150 million litter of milk to feed nearly 6 million people. Insufficient milk production in the country requires 
LICONSA to acquire 20% of this product from foreign countries, mainly from New Zealand, The United States of 
America (USA), Ireland and Argentina which represents 20% of the total quantity of product handled by the company 
(http:www.liconsa.gob.mx). 
2.1.2. Distribution 
LICONSA distributes around 3.1 million liters of milk to 1,810 municipalities per day. The institution has 33 social 
distribution programs, one for each state and two in the metropolitan area of Mexico City, bringing milk to 2.8 million 
households. The distribution network consists of shipping milk from any of the 10 production plants to more than 9 
thousand points of sales. The product is supplied with vehicles that travel through 539 fixed routes, over 100,000 
kilometers per day.  
 
LICONSA has a large database, it is constantly updated, and operates with a bonus card to guaranty adequate and 
a proper distribution (http:www.liconsa.gob.mx). 
3. Study case: State of Chihuahua, Mexico  
3.1.1. Statement of the Problem 
In Chihuahua, the company infrastructure has three distribution centers (DCs) in Julimes, Meoqui and Saucillo. 
Milk is collected from farmers at these DCs, sent to production plants for treatment, and then distributed directly from 
the production plant to the point of sale. In this state, 13% of the total population is served through 252 points of sale. 
 
The general director of LICONSA selected the State of Chihuahua as study case because he has two special interest, 
one is to increase the total number of people under poverty to receive the benefits of the programs, especially in the 
“Tarahumara” and “Huasteca Potosina” zones which are part of the “Sierra Madre Occidental”, mainly located at the 
State of Chihuahua. The other is to implement a strategy to increase the program coverage for the medium and long 
term (CONEVAL, 2010) (Rivera, 2007). For these reasons, this paper propose the MCLM to increase coverage based 
on the study case of the State of Chihuahua in Mexico. 
3.2. Aim of study 
A methodology for location of DCs is proposed to optimize the current company distribution network that balances 
the level of attention between the metropolitan area and the rest of the country, especially in the state of Chihuahua, 
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to contribute to the mission of the company and cover the shortcomings identified by CONEVAL (2010) and Rivera 
(2007). Note that for the location of DCs we only considered maximum coverage without considering distribution 
costs. 
4. Methodology  
The methodology is divided into five steps: target population (TP), construction network, determining scenarios, 
MCLM application, and mathematical model solution for each scenario. 
 
Step 1: Target Population (TP) 
 
The target population of the program is: households in poverty with children from 6 months to 12 years old, women 
during pregnancy or lactation, youth women from 13 to 15 years old, women from 45 to 59 years old, sick and/or 
disabled people, and elder people from 60 years old, who meet the eligibility criteria to justify their economic status 
(http:www.liconsa.gob.mx). 
 
Data is gathered and analyzed from CONEVAL (2012). Since poverty is the main common characteristic between 
TP groups, it is compulsory to search for data that reflects the real number of people in poverty per municipality in the 
state of Chihuahua. Then, the percentage of participation of each characteristic of the TP is analyzed such as gender 
and age. Flores (2013) makes a statistical analysis to detect and calculate the TP with more detail. 
 
The total target population "TTP" is equal to the sum of the number of people who belongs to one of the age ranges 
(ER), women in pregnant or lactating period "PMGL", and people with physical and mental limitations "PL", 
equivalent to 586,631, 28,212 and 73,651 respectively, giving a total of 688,500 inhabitants that make up the entire 
target population in the case of the State of Chihuahua. Figure 1 shows a map of the state of Chihuahua, municipalities 
milk demands are shown according with the intensity of color. 
 
Figure 1. Geographic location of milk demands by number of habitants, State of Chihuahua: 24,000 – 246,000        10,600 – 23,999                
7,000 – 10,599        5,000 – 6,999  
Step 2: Construction Network 
 
Distance, time and transportation costs between municipalities were obtained with the software “Rutas punto a 
punto” provided by the Secretary of Communications and Transport (SCT), free access (http://sct.gob.mx). The data 
assumptions are constant speed and optimal conditions for driving. Then, time and transportation costs may change if 
these two conditions change. Data have been gathered for 5 and 6- axle trucks. Figure 2 shows the real road network. 
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Step 3: Determining scenarios 
 
A set of scenarios are studied, which have changes on the Cd value and the number of DCs (p). Five different Cd 
are proposed (Cd = 100, 200, 300, 400 and 500km), according the company’s specifications. Since they want to know 
for different distances which is the best scenario. For each distance, the number of DCs (p) varies from 1 to 9. 
 
 
Figure 2. Real road network.  
Step 4: MCLM application for the study case 
 
In this study case, the MCLM is applied for 33 scenarios. However, we only explain scenario number 1.1 as an 
example. The value of p and Cd determine the number of scenario. For example, scenario number 1.1 is p = 1 and Cd 
= 100km, in scenario number 2.1, p = 2 and Cd = 100km, scenario number 5.5, p = 5 and Cd = 500km. It is important 
to remember that PT is covered with a specific number p of DCs according to Cd. Then, the MCLM locates the 
optimum number of DCs achieving the maximum coverage depending on the value of Cd. 
 
The MCLM for scenario number 1 is expressed by Equation 6 to Equation 36. The maximization of the objective 
function A (Equation 6) is constrained to the Cd or distance between municipalities, in this scenario 1 Cd = 100km. 
Thus, the number of locations and demand variables is different for each constraint, because they depend on Cd what 
means whether distance between municipalities is lower than or equal to 100km the connection between them exist 
(aij = 1), otherwise connections do not exist (aij = 0) (Equation 7 to Equation 25).  
 
For this reason, the constraint corresponding to node 1 does not exist because the municipalities or nodes exceed 
the distance of 100km from node 1 and connections are discarded, similar case for nodes 4, 14 and 18. Constraint 
(Equation 7) determines the coverage of node 2, which covers nodes 7, 20 and 22, since their distances are lower than 
or equal to 100km from node 2. Similarly, Equation 8 to Equation 25 determine the coverage of all the nodes in set V. 
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Equation 26 is a constraint that determines that the maximum number of DC to be located is 1 or p = 1. Constraints 27 
and 28 state that the variables X and Z are binary variables and can only take the values 0 and 1. Equations 29 to 
Equations 32 determine that it is not possible to locate a DC in nodes 1, 4, 14, and 18 because their distance to other 
nodes or municipalities are greater than Cd = 100km. Finally, Equations 33 to Equations 36 indicate that nodes 1, 4, 
14, and 18 are not covered by any other node since their distance to other nodes or municipalities are greater than Cd 
= 100km. 
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(6) 
Subject to 
22 20 7 2X X X Z  t     “node 2”     (7) 
9 23 3X X Z t      “node 3”     (8) 
15 17 10 5X X X Z  t     “node 5”     (9) 
15 12 3X X Z t      “node 6”     (10) 
2 20 21 7X X X Z  t      “node 7”     (11) 
16 19 8X X Z t       “node 8”     (12) 
3 23 9X X Z t      “node 9”     (13) 
17 5 11 10X X X Z  t     “node 10”     (14) 
23 10 11X X Z t     “node 11”     (15) 
13 6 12X X Z t       “node 12”     (16) 
12 21 13X X Z t      “node 13”     (17) 
6 5 15X X Z t      “node 15”     (18) 
8 16X Zt      “node 16”     (19) 
10 5 17X X Z t      “node 17”     (20) 
8 19X Zt      “node 19”     (21) 
22 21 7 2 20X X X X Z   t     “node 20”     (22) 
22 13 7 20 21X X X X Z   t     “node 21”     (23) 
20 2 22X X Z t      “node 22”     (24) 
3 11 9 23X X X Z  t     “node 23”     (25) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 1
X X X X X X X X X X X X X X X X
X X X X X X X
               
      t  (26) 
> @0,1  jX j V             (27) 
> @0,1  iZ i V             (28) 
1 0X              (29) 
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4 0X             (30) 
14 0X             (31) 
18 0X             (32) 
1 0Z              (33) 
4 0Z              (34) 
14 0Z             (35) 
18 0Z             (36) 
 
Step 5: Mathematical model solution for each scenario 
 
The study case optimization problem is a linear binary program. It was solved by Lingo 13 using a branch and 
bound algorithm (LINGO, 2014). A global optimum solution is obtained for each scenario. 
5. Analysis of the results 
The number of studied scenarios are summarized in Table 1. For example, for scenarios with Cd = 100km, the 
scenarios are 1 DC or p = 1, 2 DCs or p = 2 until 9 DCs or p = 9 where the covering population reaches 52.4% of the 
PT. On the contrary, for scenarios with Cd = 500km, 5 DCs can cover 100% of the PT. 
 
Scenario 9.1 is the best scenario for Cd = 100km (Figure 3), Scenario 7.2 is the best scenario for Cd = 200km (Figure 
4), Scenario 6.3 is the best scenario for Cd = 300km (Figure 5), Scenario 6.4 is the best scenario for Cd = 400km 
(Figure 6), and Scenario 5.5 is the best scenario for Cd = 500km (Figure 7). As it can noticed, only scenario 6.3, 
scenario 6.4, and scenario 5.5 cover 100% of demand (Table 1 and Figure 5, Figure 6 and Figure 7).  
 
Table 1. Decision Matrix "Percentage of coverage" 
p Scenarios, Cd=100Km % 
Scenarios, 
Cd=200Km % 
Scenarios, 
Cd=300Km % 
Scenarios, 
Cd=400Km % 
Scenarios, 
Cd=500Km % 
1 1.1 22.1 1.2 42.1 1.3 66.9 1.4 66.9 1.5 66.9 
2 2.1 31.1 2.2 64.8 2.3 80 2.4 81.7 2.5 82.8 
3 3.1 38.2 3.2 83.3 3.3 86.3 3.4 90.1 3.5 92.9 
4 4.1 42.7 4.2 88.7 4.3 93.4 4.4 95.4 4.5 97.8 
5 5.1 45.4 5.2 91.3 5.3 96.5 5.4 99.1 5.5 100 
6 6.1 48 6.2 93.8 6.3 100 6.4 100   
7 7.1 50 7.2 95.3       
8 8.1 51.7         
9 9.1 52.5         
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Fig. 3. Scenario 9.1 
 
Fig. 4. Scenario 7.2 
 
Fig. 5. Scenario 6.3 
 
Fig. 6. Scenario 6.4 
 
Fig. 7. Scenario 5.5 
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5. Conclusions 
The company LICONSA does not have a methodology that allows it to do location analysis of DCs and allocations 
analysis of municipalities to DCs, so that the coverage of its programs do not cover the complete target population, 
and thus the company do not achieve its main goal of improving the nutrition of the population under poverty in 
Mexico. For this reason, in this paper a methodology designed to optimize the distribution of milk is developed and 
applied to the study case of the state of Chihuahua Mexico with success, because the results indicate that the current 
network can be modified to cover the complete target population.  
 
This method allows the company director to decide the best courses of action to enable the company to achieve its 
objectives in the short and long term. In this case, scenario 7.2 was the best scenario considered for the top managers, 
since 200 km are appropriate distance and are willing to invest seven DCs. However, the biggest disadvantage is that 
the methodology does not consider operating costs which may restrict the feasibility of operating the networks 
proposed by the methodology, but the company has social purposes and the minimization of the operating costs is not 
the purpose of its programs. 
 
Finally, as future work, the development of a methodology to locate DCs and assign municipalities to DCs based 
on the minimization of operating costs is important to make a comparison between the two methods so that decision 
makers can have a range of possibilities to maximize coverage and minimize operating costs, location costs, and 
investment. 
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